Abstract: This work sought to develop an inelastic scattering imaging system based on Raman 1 spectroscopy for the detection of the fungal phytopathogen, Pseudocercospora fijiensis, which causes molecules of the fungal cell wall. In this way, the system can get images with unique spectral features, 7 suitable for training a convolutional neural network in order to get a recognition pattern of the fungal 8 strain growing in the PDA agar. As a result, the instrument was able to detect the presence of P.fijiensis 9 over the culture media. 
Version June 17, 2019 submitted to Journal Not Specified 2 of 14 and reduces competitiveness in highly demanding markets regarding the presence of these substances
25
[8], for this reason a device able to supply an effective tool for the detection of P.fijiensis was designed by 26 getting the inelastic scattering signature of two molecules of the fungal cell wall, for the purposes of this 27 work chitin and β − 1, 3-glucan were selected to provide evidence about the presence of this organisms,
28
[9], for instance the latter molecule is considered a molecular bio-marker for fungi [10] . Raman inelastic 29 scattering was selected for primarily two reasons, (i) there is no need for sample preparation, and (ii) a 30 spectral fingerprint region associated with the molecular structure of the sample can be obtained. The [200-1800] cm −1 [13] . Using two filters, the first in the spectral region of (788.78-939.85) cm −1 associated 36 with the equatorial bending vibrations and covers both alpha and beta type carbohydrate monomers. In 37 particular, the 893 cm −1 band which is considered a marker for beta-glucans [15] , [16] . The second filter 38 was selected for the detection of chitin, which has two Raman peaks in the region of (1600-1700) cm −1 39 which corresponds to amid I group due to C=O stretching vibrations of the peptide bond [14] . By selecting 40 filters that match the bio-marked criteria it is possible to have an exclusive signal of the phytopathogen by 41 taking images composed of the intensities of the peaks at the corresponding spectral band. Vegetal Unalmed -CIB were used for the infection. Those fungi were grown on potato dextrose agar (Difco,
61
Becton Dickinson, Franklin Lakes, NJ) and incubated at 25± 1 • C until a colony of about 1 cm in diameter 62 was obtained.
63
Inoculation of banana with mycelial fragments of P.fijiensis was performed as reported in [36] . After were used to determine the presence of the fungus. an uninfected leaf was also used as control. 
Optical Setup

68
The optical setup consists of two different microscopes, a Boeco TM stereoscope and a Rossbach TM 69 microscope, the former was used as the optical stage, it brings a 10x optical magnification suitable to 70 study peel and leaves injuries were is more likely to find an infection process by a fungal strain [37] . The
71
Rossbach TM microscope in the other hand was used to supply the positioning stage of the optical system, 72 specifically, the laser and sample alignment, the x,y mechanism, and the coarse and fine focus knobs.
74
The microscope eyepieces were coupled with a spectrometer and a camera. The former is a B&W Tek TM
75
(Model BTC-110S), with a spectral range of (400-2500)cm −1 and a dynamic range of 30dB. It is important to mention that the laser was modified in order to get a wider spot, by removing the 87 collimating lenses. Originally the spot was 5mm in diameter but after the modification the size increase to 
Results and Discussion
92
The following setup was designed to simultaneously obtain an image and a spectrum in order to In order to attenuate the Rayleigh scattering, a pair of filters were used, the first is the same one that For the CCD sensor of the camera, it was necessary to use a negative lens in order to capture the 116 image of the sample produced by the equipment and cover most of the sensor area. As was mentioned 117 before, the main objective is to capture certain spectral Raman bands, corresponding to characteristic we demonstrate that by selecting the correct filters, we can observe corresponding features in the spectral 148 images as well..
149
Further images analysis will provide definitive evidence about the advantages of using this device for The methodology of image processing shows significant differences between samples and control.
159
Though there is a signal coming from the control, the distribution with respect to the red channel is 
215
The strategy in the selection of filters, allowed us to limit the set of wavenumbers to regions where the 216 possible inelastic signals associated with fungal phytopathogens are manifested exclusively, allowing it to 217 establish their presence both individually and on plant tissue, the aforementioned strategy was based on 218 the review of dozens of similar works related with the fungal wall biochemistry, which was the cellular 219 structure most exposed to laser radiation.
220
Additionally, the image processing algorithms proved to be an excellent complement in the analysis of the
221
Raman scattering signal, which shows that the use of a spectrometer is not necessary once the system is 222 already calibrated. In the experiments with P.fijiensis, the operations on the image and the subsequent 
